The effects of different dietary lipids on the fatty acid profiles of eggs produced by 20 and 54 wk old Dekalb laying hens were investigated. Laying hens were subjected to three defined treatments according to the source of lipid added to their diets: soybean oil, beef tallow, and a control diet (without the addition of oil). The experimental design was in a 3x2 factorial arrangement (three treatments and two different ages). The fatty acid composition of the yolks in the eggs produced by the laying hens was analyzed. The eggs produced by laying hens on the soybean oil diet had a large amount of polyunsaturated fatty acids (PUFA) omega-6 (n-6) and omega-3 (n-3) in their yolks (23.55, 2.30% respectively), whereas egg yolks from hens who were given beef tallow had higher percentages of monounsaturated fatty acids (47.53%) compared to soybean oil (47.53%) and the control diet (38.72%). The percentages of trans fats present in the egg yolks in all treatments were considered very low (0.91; 0,11; 0.05%). Young layers are more efficient at depositing n-3 fatty acids (1.40%), specially C22:6 (0.76%) with the best ratio n6:n-3 (13.97) compared to old layers (1.35; 0.72; 14.81% respectively). Based on these results, it was concluded that the amount of fatty acids present in the egg yolks can be modified by the sources of lipids included in the diet and that independent of the sources of lipid in the diet and the age of the chicken, egg yolks have insignificant amounts of trans fatty acids.
INTRODUCTION
Oils and fats are concentrated sources of energy, essential to the composition of diets of high nutritional density and for maintenance of the calorie/protein equilibrium. When lipids are added to the diet of laying hens, they increase the energy density of the diet, improving palatability, reducing the caloric increase of the diet due to proteins and carbohydrates, increasing the metabolic energy efficiency and improving feed conversion, in addition to modifying the fatty acid (FA) profile of the egg yolk (BRUGALLI et al., 1998) .
Beef tallow commonly used in the poultry industry is a byproduct of cattle slaughter, and is used as an energy source in chicken diets. Its FA composition consists of about 45% oleic acid and only 1 to 3% linoleic acid. Soybean oil is another energy source often added to chicken diets; obtained by the processing of raw soybeans, it is composed mainly of oleic (C18:1), linoleic (C18:2), linolenic (C18:3) and palmitic (C16:0) fatty acids. Many unsaturated fatty acids can be formed from saturated fatty acids (SAT) by the additional reactions of elongation and or desaturation. Saturated (SAT) and monounsaturated fatty acids (MUFA) can be synthesized by animals; however, animals cannot synthesize linoleic acid (C18:2) and linolenic acid (C18:3) (LESKANICH; NOBLE, 1997; LEHNINGER et al., 2002) . Elongation and desaturation of the C18:2 and C18:3 results in a series of others polyunsaturated fatty acids (PUFA). The PUFAs omega 6 (n-6), such as arachidonic acid (C20:4), are synthesized from linoleic acid and PUFAs omega 3 (n-3), such as eicosa penta enoic acid (C20: 5, EPA), docosapen taenoic aci d (C22:5, DPA), and docosahexaenoic acid (C22:6, DHA), which are synthesized from linolenic acid. The FA belonging to the n-6 series are important precursors of eicosanoids of the paracrine system, such as prostaglandins, leukotrienes, prostacyclins, tromboxanes, and hydroxyacids, whereas the n-3 series fatty acids participate in functions of the nervous and visual system tissues, are responsible for regulatory activities of cardiovascular homeostasis, and also play important regulatory functions in the immune system (LEVINSON et al., 1990; LESKANICH; NOBLE, 1997; NEURINGER et al., 1998) .
The relationship between n-6 and n-3 fatty acids is i mportant to hum an heal th because ther e is competition between the enzymes involved in the elongation and desaturation, for both linoleic acid and linolenic acid, and one cannot be converted into the other. The Lyon Heart Institute (France) recommends a 4: 1 n-6: n -3 r at i o (BRANDÃO et a l ., 2005; SIMOPOULOS, 2006) . The nutritional quality of the egg and the amount of FA present in the yolk can be modified by lipids sources in the diets, for example, by adding vegetable oils. However, it is important to point out that in addition to the diet, the breed and age of the laying hen can also affect the yolk lipid composition (WHITEHEAD et al., 1991; SHAFEY et al., 1992; SCHEIDELER et al., 1998; MELUZZI et al., 2000; PARDÍO et al., 2005) .
Based on this background, the objectives of this study were to evaluate the effects of the addition of soybean oil and beef tallow to the diet of 20 and 54 week-old laying hens on the profile of fatty acids in egg yolks.
MATERIAL AND METHODS
A total of 864 Dekalb white laying hens were utilized, of which half (432) were 20 weeks old (young layers) and half were 54 weeks old (old layers). The young and old layers were placed in two separate sheds in cages measuring 50 x 45 cm with six chickens per cage (375 cm 2 per hen). The duration of the experiment was eight weeks. The procedures used during the production period were the same for both sheds.
The treatments used were defined according to the lipid source added to the diets: treatment A -diet with 3.4% soybean oil, treatment B -diet with 4.0% beef tallow, and treatment C -control diet (no addition of oil). The diets were formulated (Table 1 and 2) according to Rostagno et al. (2005) . The energy level (8.800 Kcal/kg) was the same for the three treatments, according to Leeson and Summers (2001) and Leeson and Summers (2005) .
The eggs used for analyses of FA composition were collected 30 days after the beginning of offering the experimental diets to the hens. Egg samples were composed of a pool of six egg yolks, with each one considered a repetition; total of three repetitions per treatment were performed. The ana lyses of FA compositions of the egg yolks were made by gas chromatography (GC) at the Oil and Fats Laboratory, University of Campinas (UNICAMP, Brazil) according to the standard methodology used by the laboratory based on Abril and Barclay (1999) . The FA present in the samples of egg yolks were separated by GC (CGC AGILENT 6850 SERIES GC SYSTEM) using a 60-m long, 0.25-mm inner diameter, and 0.25-µm film methylpolysiloxane capillary column (DB-23 AGILENT, 50% cyanopropyl). The running time of each sample was approximately 60 min. The carrier gases used were nitrogen (trail gas), hydrogen, helium, and synthetic air. The operating conditions of the chromatograph were: column flux, 1.00 mL/min; linear velocity, 24 cm/sec; detector temperature, 280º C; injector temperature, 250º C; oven temperature, 110° C for 5 min, 110-215° C (5° C/min), 215° C for 24 min; volume of trail gas injected, 1.0 µL. Between samples the chromatograph was cleaned using isopropanol and petroleum ether. The experiment al design for the evaluat ions of FA compositions in egg yolks was in a 3×2 factorial scheme; there were three treatments (diet containing soybean oil, beef tallow, and the control diet) and two ages of chickens (20 and 54 wk old layers). The comparisons of means were made by the Student-Newmann-Kewls (SNK) method (SAMPAIO, 2002) .
RESULTS AND DISCUSSION
Each saturated fatty acid (SAT) analyzed had a different profile in egg yolks laid by chickens fed different diets (Table 3 ). These differences may be due to the SAT content found in the diets and also to the metabolism of the unsaturated fatty acids. Mazalli et al. (2004) also found similar values and noted that there is variation in the characteristics of yolk profiles when different sources of lipids were used in the diet of laying hens.
Among all the SAT, C16:0 and C18:0 had the highest percentage in the egg yolk composition, while very low levels of trans fatty acids (trans FA) were detected in the egg yolks of soybean (0.91%), beef tallow (0.11%) and control diet (0.05%), independent of the diets given to the laying hens and and independent of the laying hen age (0.85%). The levels of trans FA found in the egg are less ,000 UI, vitamin D3 -1,250,000 UI, vitamin E -7,500 UI, vitamin K3 -1,000 mg, vitamin B1 -1,000 mg, vitamin B2 -2,000 mg, vitamin B6 -2,000 mg, vitamin B12 -7,500 µg, niacin -15,000 mg, panthotenic acid -8000 mg, biotin -30 mg, folic acid -250 mg, choline -150,000 mg, selenium -90 mg, iodine -350 mg, iron -20.000 mg, copper -5,000 mg, manganese -39,000 mg, zinc -27,500 mg, BHT -500 mg. than 2%, which is not considered relevant in food composition according to ANVISA -Agência Nacional de Vigilância Sanitária (ANVISA, 2005) . No differences (p>0,05) were seen in the majority of FA in the yolks laid by young and old laying hens, except for the FAs C14:0, C16:0, and C18:0, which were present in greater amounts in egg yolks from old laying hens (0.40; 23.40; 8.55% respectively). Thus, the diet fed to the hens had a significant effect (p<0,05) on the distribution pattern of the monounsaturated fatty acids and polyunsaturated fatty acids (PUFA) in the egg yolks (Table 4) .
The egg yolks of laying hens that received the diet containing beef tallow showed a higher proportion of the FAs C18:1 (43.57%), C20:1 (0.26%), and 18:4 (0.28%) than the yolks of laying hens that received the diet containing soybean oil (35.94; 0.20; 0.09% respectively) or the control diet (41.86; 0.24; 0.10% respectively) (p<0,05). However, for the precursor of n-6 and n-3 chains, the highest proportions were found in the egg yolks of laying hens that received the diet containing soybean oil. The percentage of C18:2 (21.63; 12.24; 13.29%) was significantly higher (p<0,05) than the percentage of C18:3 (1.08; 0.29; 0.25%), a precursor of the n-3 chain, independent of the age. Ideally, these FAs should be balanced, since they are important for human health as the precursors of the longer n-3 fatty acids (C20:5, C22:5, C22:6) and n-6 chains (C20:4). In addition, these FAs are not synthesized by mammals and can only be obtained by food consumption (OLIVEIRA et al., 2009 ). Shafey et al. (1992) observed that the addition of vegetable oils to the diet of laying hens led to an increase in the percentage of C18:2 in the yolk compared to control diet. There was no significant difference (p>0.05) between treatments for C20:5 (0.39; 0.24; 0.35%), that is usually found in very small amounts in eggs. However, when sources rich in n-3 FA, such as fish and linseed oils, are added to Table 3 -Percent mean composition of the saturated fatty acids and trans fatty acids of the egg yolk in accordance with the lipid source (soybean oil and beef tallow) used in the diet and age of the laying hens (20 and 54 weeks age). Averages followed by different letters in the column, per treatment or age, differ among themselves by the SNK test (p<0.05); *C12:0 = lauric acid; C14:0 = miristic acid; C15:0 = pentadecanoic acid; C16:0 = palmitic acid; C17:0 = margaric acid; C18:0 = stearic acid; C20:0 = arachidic acid; C22:0 = docosanoic acid; C24:0 = tetracosanoic acid; *C18:1t = trans oleic acid; C18:2t = trans linoleic acid; C18:3t = trans linolenic acid; young layers = 20 weeks old; old layers = 54 weeks old. Averages followed by different letters in the column, per treatment or age, differ among themselves by the SNK test (p<0.05); * C16:1 = palmitoleic acid; C18:1 = oleic acid; C20:1 = gadoleic acid; C18:2 = linoleic acid; C18:3 = linolenic acid; C18:4 = stearidonic acid; C20:3 = eicosatrienoic acid; C20:4 = arachidonic acid; C20:5 = eicosapentanoic acid -EPA; C22:5 = docosapentanoic acid -DPA; C22:6 = docosahexanoic acid = DHA; young layers = 20 weeks old; old layers = 54 weeks old. the hen's diets, these values tend to increase in the yolk (BAUCELLS et al., 2000) . There was an increase in the percentages of both DPA and DHA when soybean oil (0,11; 1,08 respectively) and beef tallow (0.07; 0.61% respectively) were added to the diet of the laying hens compared to the control diet (0.00; 0.53% respectively). Also young layers can deposit more DHA to the egg yolk (0.76%) than old layers (0.72%). Since soybean oil already has a high percentage of C18:3 (1.08%) compared to beef tallow (0.29%) and control diet (0.25%), hens fed soybean oil have more n-3 (2.30%) and long chain PUFA (26.32%) in their egg yolks than beef tallow (1.00; 15.72%) and control diet (0.82; 16.55%) independent of the age. The DHA levels found in the egg yolks (1.08% of soybean oil; 0.61% of beef tallow and 0.53% of control diet) were much higher than those of EPA (0.39; 0.24; 0.35% respectively for soybean oil, beef tallow and control diet), as also seen by Marshall et al. (1994) and Baucells et al. (2000) , however, it should be noted that EPA is an intermediary fatty acid in the formation of DHA from linolenic acid. Mazalli et al. (2004) , evaluating the influence of canola, sunflower, linseed, and fish oils in the diets of laying hens on the FA composition of the yolk which are rich sources of n-3, did not detect EPA in any yolks, independent of treatments.
There is a concern regarding the EPA and DHA levels in the egg yolks of laying hens, because these FAs, in addition to having longer chains, are polyunsaturated and belong to the n-3 series. They should be increased by at least three times in an enriched egg compared to a normal egg, making these enriched eggs desirable for human health due to the important relationship between these FAs and their functions in the human body, principally for fetal and infant brain development and in the fight against circulatory problems due to their close relationship with cholesterol (HDL) (MARSHALL et al., 1994) .
There was a significant statistical difference (p<0.05) in the percentage of the FAs C20:1, C18:2 and C22:6 in the egg yolks from young (0.23; 15.50; 0.76% respectively) and old layers (0.25; 15.94; 0.72 respectively), independent of the diet provided for them. It can be concluded that young laying hens are more efficient in the deposition of DHA (0.76%) in the egg yolk compared to old layers (0.72%), confirming the findings of Oliveira et al. (2009) . It is believed that this difference between young and old layers is due to the hepatic efficiency in metabolizing the FAs from the diet and rearranging them in MUFA or PUFA. However, if we compare the percentages of these FAs with those shown in the egg yolks of hens whose diet was supplemented with fish oil, canola oil, or linseed oil (greater than 2%), the values found in this study are very low thus contributing minimally to human health (LATOUR et al., 1998; GAO; CHARTER, 2000; MARSHALL et al., 1994; MAZALLI et al., 2004) . Table 5 shows the total percent composition of SAT, MUFA, PUFA, trans, n-6, n-3, and the ratio between n-6 and n-3. The composition of the yolk varied in accordance to the source of lipid used in the diet. The yolk of the laying hens showed different patterns of the total SAT, MUFA, and PUFA. The yolks of the laying hens that received the control diet showed greater percentages of SAT. Egg yolks at treatment with beef tallow showed the highest percentages of total MUFA and trans fatty acids. Mazzali et al. (2004) observed that the quantity of SAT in the egg yolk compared to the quantity of total FA varies from 30 to 38%, independent of the lipid source added to the diet (canola, sunflower, flaxseed or fish oil). Baucells et al. (2000) , evaluating fish oils, linseed oil, sunflower oil, and beef tallow in the diet of laying hens also found constant quantities of SAT in yolks composition. Table 5 -Total percent composition of saturated fatty acids (SAT), monounsaturated (MUFA), polyunsaturated (PUFA), trans, omega 6 (n-6), and omega 3 fatty acids (n-3), and the ratio between n-6:n-3 of egg yolks in accordance with the lipid source (soybean oil and beef tallow) and age of the laying hens (20 and 54 weeks age). n-6 = C18:2 and C20:4; 2 n-3 = C18:3, C20:5, C22:5; C22:6; young layers = 20 weeks old; old layers = 54 weeks old.
The total amount of PUFA did not show any significant difference (p>0.05) between layers age however, there was significant difference (p<0.05) between the treatments. Egg yolks of hens fed with soybean ratio had 26.32% of PUFA in their composition compared to 16.55% of control diet and 15.72% of beef tallow. However the amount of each individual FA cannot be analyzed. Each FA, n-6, n-3 or their ratio (n-6:n-3), is nutritionally important to the composition of the egg (MARSHALL et al., 1994) . The concentrations of n-6 (23.55%) and n-3 (2.30%) were greatest (p<0.05) in egg yolks from laying hens fed with the diet containing soybean oil. Egg yolks of hens fed with beef tallow had more n-3 FA (1.00%) than control diet (0.82%) but less n-6 (14.06%) compared to the control diet (15.38%). The high level of n-3 present in the egg yolk from soybean oil diet led to a better n-6:n-3 ratio (10.25), compared to beef tallow diet (14.10) and control diet (18.83), however, these values are very high. This ratio should be as small as possible since values below 4:1 are considered excellent and have beneficial effects on human health (MARSHALL et al., 1994) .
Only the total composition of PUFA and trans FA did not show differences between young (19.35; 0.39% respectively) and old laying hens (19.71; 0.42% respectively). Young laying hens had a greater proportion of the saturated (34.45%) and n-3 FA (1.40%) and better values for the n-6:n-3 ratio (13.97%) in relation to the old laying hens (33.28, 1.35; 14.81%), which showed higher percentages for MUFA (44.36%) and n-6 (17.87%) compared to egg yolk of young layers (43.52; 17.47% respectively). These data is according to Marshall et al. (1994) , who reported that young layers are more efficient in metabolizing FA, transforming them into long chain and unsaturated FA compared to old layers.
CONCLUSION
Fatty acid composition of yolks varies depending on the type of oil and fat used in the diet. The addition of soybean oil shows greater amounts of PUFA, n-3 and n-6 fatty acid compared to control and beef tallow diet. It also presented the best amounts of PUFA with long chain like C20:5, C22:5 and C22:6. Young layers and layers feed with soybean oil diet have at the yolk composition good ratio n-6:n-3. Independent of the addition of different lipid sources to the diet or the age of the laying hens, egg yolks have insignificant amounts of trans fats, and these should not be taken into consideration in the composition of the egg.
